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ABSTRACT
The Fermi source 2FGL J0523.3−2530 has recently been identified as a candidate millisecond pulsar
binary with an orbital period of 16.5 hrs. We have carried out detailed studies of the source’s emission
properties by analyzing data taken with the Fermi Large Area Telescope in the 0.2–300 GeV energy
range. Long-term, yearly variability from the source has been found, with a factor of 4 flux variations
in 1–300 GeV. From spectral analysis, we find an extra spectral component at 2–3 GeV that causes
the source brightening. While no orbital modulations have been found from the Fermi data over the
whole period of 2008–2014, orbital modulation in the source’s >2 GeV emission is detected during
the last 1.5 yrs of the Fermi observation. Our results support the millisecond pulsar binary nature
of 2FGL J0523.3−2530. Multi-wavelength observations of the source are warranted in order to find
any correlated flux variations and thus help determine the origin of the long-term variability, which
currently is not understood.
Subject headings: binaries: close — stars: individual (2FGL J0523.3−2530) — stars: low-mass —
stars: neutron
1. INTRODUCTION
Since the Fermi Gamma-ray Space Telescope was
launched in 2008 June, the main instrument on-board—
the Large Area Telescope (LAT) has been continuously
scanning the whole sky every three hours in the energy
range from 20 MeV to 300 GeV, discovering and mon-
itoring γ-ray sources with much improved spatial reso-
lution and sensitivity comparing to former γ-ray tele-
scopes (Atwood et al. 2009). In 2012, using Fermi/LAT
data of the first two-year survey, a catalog of 1873 γ-
ray sources was released by Nolan et al. (2012) as the
Fermi/LAT second source catalog (2FGL). Among the
γ-ray sources, 575 of them are not associated with any
known astrophysical objects (Nolan et al. 2012). For the
purpose of identifying the nature of these unassociated
sources, many follow-up studies, such as classifying their
γ-ray characteristics (Ackermann et al. 2012), search-
ing for radio pulsars (Ray et al. 2012), and observing
at multi-wavelengths (Takeuchi et al. 2013; Acero et al.
2013), have been carried out.
The source 2FGL J0523.3−2530 is sufficiently bright
that it was listed as 1FGL J0523.5−2529 in the Fermi
LAT First Source Catalog (Abdo et al. 2010). Swift
imaging of the field has revealed a candidate X-ray coun-
terpart (Takeuchi et al. 2013). While radio searches for
a pulsar have failed (Guillemot et al. 2012; Petrov et al.
2013), optical imaging and spectroscopy recently have
discovered orbital modulations from the X-ray counter-
part, with a period of 16.5 hr (Strader et al. 2014). The
source is located at a high Galactic latitude Gb = −29.◦8,
and has a late-G or early-K spectral type secondary star,
and γ-ray luminosity of ∼ 3.1× 1033 erg s−1 (assuming
source distance d = 1.1 kpc; Strader et al. 2014). Based
on these properties, Strader et al. (2014) suggested that
the source is likely a millisecond pulsar binary (MSP)
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with a 0.8 M⊙ companion. Furthermore, this binary
could be another so-called “redback” system, which is
classified as an eclipsing MSP binary that contains a rel-
atively massive (& 0.2M⊙), non-degenerate companion
(Roberts 2013). The ablation of the companion by pul-
sar wind from the MSP produces matter in the binary,
which would eclipse radio emission from the pulsar at
certain orbital phases.
We were intrigued by this Fermi source because we
note that it is located in the blazer region, along with
the Crab pulsar, in the curvature–variability plane of
Fermi bright sources (see Figure 4 in Romani 2012),
which suggests possible variability from this source. It
has recently been learned that the prototypical red-
back system PSR J1023+0038 (Archibald et al. 2009)
has shown γ-ray variability due to its temporary accre-
tion activity (Stappers et al. 2014; Patruno et al. 2014;
Takata et al. 2014). The newly identified redback sys-
tem XSS J12270−4859, which underwent a transition
from an X-ray binary to a MSP binary in 2012 Nov.–
Dec. (Roy et al. 2014; Bassa et al. 2014; Bogdanov et al.
2014), is also known to have γ-ray emission (Hill et al.
2011). Given the discovery of the orbital period of
2FGL J0523.3−2530 and its properties listed above, we
have thus carried out detailed analysis of the Fermi
data for this source, aiming to study the source’s γ-
ray flux variations, determine its high-energy proper-
ties, and establish the similarities to the redback systems
PSR J1023+0038 and XSS J12270−4859 in particular.
In addition, since there are two sets of archival Swift X-
ray data available for the source, we also conducted the
X-ray data analysis. In this paper, we report the results
from the analyses.
2. OBSERVATION
LAT is the main instrument onboard Fermi. It is a
γ-ray imaging instrument which makes all-sky survey in
an energy range from 20 MeV to 300 GeV (Atwood et al.
2009). In our analysis, we selected LAT events from the
Fermi Pass 7 Reprocessed (P7REP) database inside a
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Fig. 1.— TS maps of a 2o × 2o region centered at 2FGL 0523.3−2530, with all sources in the source model considered and removed.
Panel (a) is a 0.2–300 GeV map made from the whole Fermi data. Panels (b) and (c) are 1–300 GeV maps during the time interval I
and II, respectively, that are defined in § 3.2. The green and dark (or white in Panel (c)) crosses mark the catalog and optical positions,
respectively, of 2FGL 0523.3−2530. The green dashed circles indicate the 2σ error circle centered at the best-fit position. The large circle
in Panel (c) indicates the 2σ error circle of the source during time interval II.
20o × 20o region centered at the catalog position of 2FGL
J0523.3−2530 (Nolan et al. 2012). We kept events dur-
ing the time period from 2008-08-04 15:43:36 to 2014-04-
02 01:49:57 (UTC), and rejected events below 200 MeV
because of the relative large uncertainties of the instru-
ment response function of the LAT in the low energy
range. In addition we followed the recommendations of
the LAT team to include only events with zenith angle
less than 100◦, which prevents the Earth’s limb contam-
ination, and during good time intervals when the quality
of the data was not affected by the spacecraft events.
3. DATA ANALYSIS AND RESULTS
3.1. Source Identification
We included all sources within 16◦ centered at the po-
sition of 2FGL J0523.3−2530 in the Fermi 2-year catalog
(Nolan et al. 2012) to make the source model. The spec-
tral models of these sources are provided in the catalog.
The spectral normalization parameters of the sources
within 8 degrees from 2FGL J0523.3−2530 were set free,
and all the other parameters of the sources were fixed at
their catalog values. We also included the Galactic and
extragalactic diffuse emission in the source model, with
the spectral model gll iem v05.fits and the spectrum file
iso source v05.txt used, respectively. The normalizations
of the diffuse components were set as free parameters.
We performed standard binned likelihood analysis to
the LAT >0.2 GeV data using the LAT science tools
software package v9r23p5, and extracted the Test Statis-
tic (TS) map of a 2◦ × 2◦ region centered at the po-
sition of 2FGL J0523.3−2530 (Panel (a) of Figure 1),
with all sources in the source model considered. A TS
value is calculated from TS = −2 log(L0/L1), where L0
and L1 are the maximum likelihood values for a model
without and with an additional source at a specified
location, respectively, and is a measurement of the fit
3Fig. 2.— 90-day interval light curves and TS curves of 2FGL J0523.3−2530. The squares and triangles are the 1–300 GeV and 0.2–1.0
GeV data points, respectively. The dotted lines mark the six time intervals we defined.
improvement for including the source. Generally the
TS is approximately the square of the detection signif-
icance of a source (Abdo et al. 2010). The γ-ray emis-
sion near the center was detected with TS≃800, indi-
cating ∼28σ detection significance. We ran gtfindsrc in
the LAT software package to find the position of the
γ-ray emission in this region and obtained a position
of R.A.=80.◦83, Decl.=−25.◦49, (equinox J2000.0), with
1σ nominal uncertainty of 0.◦02. The catalog position
of 2FGL J0523.3−2530 is R.A.=80.◦83, Decl.=−25.◦50
(equinox J2000.0), and the position of the optical binary
is R.A.=80.◦8205, Decl.=−25.◦4603 (equinox J2000.0,
Strader et al. 2014; the uncertainty is determined by the
USNO-B systematic accuracy of 0.′′2, Monet et al. 2003).
The optical position is ∼0.◦03 from the best-fit position,
but within the 2σ error circle.
The >0.2 GeV emission from 2FGL J0523.3−2530 was
analyzed by modeling with a simple power law and an
exponentially cutoff power law (characteristic of pulsar
γ-rayemission), respectively. The results are given in
Table 1. The source modeled with the power-law spec-
trum was found to have spectral index Γ = −2.17± 0.04
and a TSpl value of ≃848, while with the exponentially
cutoff power-law spectrum have Γ = −1.6 ± 0.1, cutoff
energy Ec = 4.4 ± 1.0 GeV, and a TSexp value of ≃889.
Therefore the cutoff was detected with ∼6σ significance
(estimated from
√
TSexp − TSpl =
√
41).
3.2. Long-term Variability Analysis
To investigate the variability of 2FGL J0523.3−2530,
we extracted different time-interval γ-ray light curves
at different energy bands (>0.2 GeV, >1 GeV, or >2
GeV bands). The light curves were extracted by per-
forming likelihood analysis to the LAT data in each time
bins. The emission of a point source with a power-law
spectrum at the best-fit position was considered for the
source. The spectral index was fixed at the value given
in Table 1. By comparing the obtained TS values at the
source position, we found that the >1 GeV, 90-day in-
terval light curve shows the most significant variations.
In Figure 2, we display the light curve and TS curve. It
is clear that TS value varies between 10–80, while the
corresponding flux shows a factor of 4 variation. As a
comparison, we also obtained the 0.2–1.0 GeV light curve
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Fig. 3.— γ-ray spectra of 2FGL J0523.3−2530 during the whole LAT observation (left panel), and during the high (red data points) and
low (blue data points) states (right panel). The exponentially cutoff power law obtained from maximum likelihood analysis for the whole
data is shown as black dashed curves, and for the low state data is plotted as the blue dashed curve. A Gaussian function (red dotted
curve) can be added to the spectrum to describe the extra component at 2-3 GeV.
and TS curve and plot them in Figure 2. The low energy
TS curve generally has low values, similar to those of the
>1 GeV one when the latter is in a ‘low’ state. The flux
is approximately 10−8 photons cm−2 s−1, consistent with
being a constant within the uncertainties.
Based on the TS curve, we defined six time intervals.
In interval II and IV, the TS curve is flat with values
of <20, while in interval I and III, the TS curve has
values of 30–80. In intervals V and VI, the TS values are
mostly low but with weak variations in a range of 10–
30. To confirm the variations seen in the light curves, we
further extracted the >1 GeV TS maps during the six
time intervals. In Figure 1, we display the TS maps of
intervals I and II as the examples for the source being
bright and dim, respectively. The variations are real.
The TS values at the source position are≃170 and≃60 in
the two maps, indicating approximately 10σ significance
for the flux variation between the two time intervals.
We noted that as shown in panel (c) of Figure 1 (when
the source was dim), the TS peak appears to have an off-
set from the best-fit position. We determined the source
position for time interval II and found that the position
is consistent with the best-fit position within 2σ. We
further checked the TS maps when the source was dim
(time intervals IV, V, and VI), and the TS peaks all ap-
pear to have small offsets from the best-fit position but
in different directions. In our analysis, this Fermi source
is consistent with being a point source, and no signs of
extended emission or an additional source were found.
We concluded that the apparent offsets are probably due
to under-estimated uncertainties for the source position.
3.3. Spectral Analysis
The γ-ray spectrum of 2FGL J0523.3−2530 was ex-
tracted by performing maximum likelihood analysis to
the LAT data in 15 evenly divided energy bands in loga-
rithm from 0.1–300 GeV. The source was modeled with a
power-law spectrum, and the spectral index was fixed at
the value we obtained above (Table 1). The obtained γ-
ray spectrum is shown in Figure 3 and the values at each
bin are given in Table 2, in which the spectral points with
TS greater than 4 were kept. The cutoff power law model
is also displayed in Figure 3. The model does not describe
the low-energy data points well, as two data points are
approximately 2σ away from the cutoff power-law model
(black dashed curve in Figure 3).
To search for differences in the source’s emission during
the ‘high’ and ‘low’ states shown in Figure 2, and thus
help understand the cause of the flux variation, we ex-
tracted γ-ray spectra of 2FGL J0523.3−2530 during the
two states. We used TS=30 for defining the source’s two
states. The obtained spectra during the high (TS≥ 30)
and low (TS<30) states are plotted in Figure 3. The
flux values are given in Table 2. By comparing the two
spectra, a component at the 2–3 GeV energy range dur-
ing the high state is present. We therefore further mod-
eled the low state emission with a cutoff power law, and
found Γ = 1.8 ± 0.1, Ec = 6.2 ± 2.4 GeV. This model
is displayed in the right panel of Figure 3, showing that
it well describes the low-state spectrum and the high-
state one when excluding the 2–3 GeV data points. A
Gaussian function, Aexp[−(E − E0)2/2σ2], where A =
(4 ± 1) × 10−12 erg cm−2 s−1, E0 = 2.6 ± 0.2GeV, and
σ = 0.7 ± 0.2GeV, may be added to the model spec-
trum to describe the extra component. The reduced χ2,
which is 3.2 (for 6 degrees of freedom) when compar-
ing the high-state spectrum with the cutoff power law,
is improved to 1.0 (for 3 degrees of freedom) when the
Gaussian component is included.
3.4. Timing Analysis
Around the frequency 1.68195±0.00007 × 10−5 Hz,
which was determined from optical radial velocity mea-
surements by Strader et al. (2014), orbital modulations
were searched in γ-ray emission of the source. The search
was performed to the LAT data within 1.◦0 from the opti-
cal position of 2FGL J0523.3−2530, and gtpsearch in the
LAT software package was used. The optical position
was used for the barycentric correction to photon arrival
times. Different energy ranges of >0.2 GeV, >1 GeV,
>2 GeV, and >3 GeV were considered in our search. No
significant signals were found for the whole data. We
also searched in the individual time periods marked by
Figure 2. No signals were detected during the high state;
5Fig. 4.— TS maps (2–300 GeV) of a 2o × 2o region centered at 2FGL 0523.3−2530 during two half orbits centered at the inferior
conjunction (left panel) and superior conjunction (right panel), respectively. The data are from 2012-10-01 to 2014-04-02. Symbols are the
same as in Figure 1.
in the low state marginal signals were seen, but none of
them were sufficiently convincing as the H-test values for
the signals were approximately 10.
Given the uncertainty of the orbital period, we consid-
ered that in time intervals V and VI, the optical timing
results are reliable (note that the binary orbit was deter-
mined from optical observations during from 2013-10-01
to 2014-01-10; Strader et al. 2014) and the source was
mostly in the low state. We thus searched for periodic
signals during a slightly longer time period from 2012-
10-01 to the end of the LAT data we analyzed. Folding
>2 GeV data at the optical period, a signal with H-
test value of 15 was found. Following Wu et al. (2012),
we also made two TS maps over two half orbital phases
to confirm the detection of the orbital flux variations.
Phase I is the half of the orbit centered at the superior
conjunction (when the secondary is behind the primary
star), and Phase II is the other half centered at the in-
ferior conjunction. The TS maps are shown in Figure 4.
The >2 GeV γ-ray emission from 2FGL J0523.3−2530
during Phase II is more significantly detected than that
during Phase I, with TS values of ≃90 and ≃20, respec-
tively, at the source position.
We also searched for the periodic signals in the same
energy range and over the same time period. A signal
with H test value of ≃18 (∼4σ detection significance)
at the frequency of 1.682246×10−5 Hz was found. This
frequency is within the 5σ error range of the optical
orbital value. The folded light curve is shown in Fig-
ure 5, where phase zero is set at the superior conjunc-
tion (MJD 56577.14636, given by Strader et al. 2014).
The source was brighter during the phase of 0.25–0.55
(Phase II is 0.25–0.75). Spectra during the on-peak and
off-peak phases were obtained, but due to limited num-
bers of photons, the uncertainties on the flux data points
are too large to allow any further detailed analysis.
No attempt was made to search for millisecond spin
signals from the primary star, since it is difficult and
computing-intensive to find from blind searches of Fermi
γ-ray data, and thus far only one MSP has been found
from blind searches (Pletsch et al. 2012). We note that
to search for the spin signal from the putative MSP, the
low-state time periods should be considered, since emis-
sion during the time would primarily come from the pul-
sar (see Section 4 below).
3.5. Swift X-ray Data Analysis
The source 2FGL J0523.3−2530 was observed with
Swift on 2009 Nov 12 (ObsID: 00031535001) and on 2013
Sep 17 (ObsID: 00032938001) for 4.8 and 14.4 ks, respec-
tively. We analyzed the photon counting mode data from
the X-ray Telescope. The data were processed by the
standard pipeline, and in both observations, an X-ray
source is clearly detected at the optical position. Us-
ing a standard extraction aperture of 20 pixels (= 47.′′1)
radius, we obtained 14 ± 4 and 57 ± 8 background-
subtracted counts for the first and second exposures, re-
spectively, in 0.3–7keV. These correspond to count rates
of 2.9 ± 0.9 × 10−3 and 4.0 ± 0.6 × 10−3 cts s−1, respec-
tively. Given the large uncertainties, these two values
are formally consistent. The source was too faint and
the two observations were too short (comparing to the
orbital period) to be searched for orbital modulation.
We extracted the source spectrum from the merged
data set using the aperture mention above. The spectral
analysis was carried out in XSPEC in the 0.3–7keV energy
range, using the telescope response files provided by the
calibration team. For the spectral fit, we employed the C-
statistic (cstat in XSPEC) to perform unbinned likelihood
analysis due to the low number of counts. We first tried
an absorbed power-law model, but found a very small
absorption column density. This is not surprising since
the source is at a high Galactic latitude and the total
Galactic column density in the direction is only 1.7 ×
1020 cm−2 (Kalberla et al. 2005). We therefore did not
include absorption in the final fit and obtained a photon
index of Γ = 1.5 ± 0.2 with a goodness-of-fit equivalent
to a reduced χ2 value of 0.96. The energy flux is 1.3 ×
10−13 erg cm−2 s−1 in 0.3–7keV.
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Fig. 5.— left panel: H-test values at trial frequencies resulting from the 2012-10-01 to 2014-04-02 data. The frequency with the highest
H-test value is marked by an arrow. The error bar indicates the 5σ error range of the optical orbital period. Right panel: folded light curve
(>2 GeV energy range) at the highest H-test value frequency indicated in the left panel.
4. DISCUSSION
From our analysis of the Fermi data for
2FGL J0523.3−2530, we have found significant γ-
ray flux variations over approximately 5.5 yr Fermi
observation time. Spectral analysis of the data during
the high and low states indicates that emission from
the source in the latter is well described by an expo-
nentially cutoff power law, which is typical for pulsar
emission. Comparing to the MSPs detected with Fermi
(Abdo et al. 2013), the cutoff energy is among the
highest but within the uncertainties (the highest value
with smaller uncertainty is Ec = 5.3±1.1). If this source
is an MSP binary as suggested, the emission in the
low state is likely dominated by that from the pulsar
(however, see discussion below). As shown in Figure 2,
in the low state, the TS values in the energy ranges
of 0.2–1 GeV and 1-300 GeV are consistently low, not
having any drastically differences as seen in the high
state.
Our spectral analysis also shows that the variability
mainly comes from the presence of an extra component at
2–3 GeV. We note that the flux changes could be rapid.
For example, at the beginning of time interval I (Fig-
ure 2), the flux has a sudden increase by a factor of 4.
To investigate the jump, we also made a 10-day inter-
val light curve, and the sudden jump still exists, which
suggests that the time scale for the flux change would
probably be within 10 days. This time scale is reminis-
cent of PSR J1023+0038 in 2013 late June, when the
pulsar binary was found to have an accretion disk again
(Takata et al. 2014). The γ-ray flux from the pulsar bi-
nary was also 10 times larger than before, a factor of 2
times higher than what was seen in 2FGL J0523.3−2530.
Would the flux changes be also due to the presence of an
accretion disk if the source is considered as another tran-
sitional pulsar binary? The non-detection of any orbital
modulation signals during the high state would support
this scenario, since additional emission from the tempo-
rary disk is suggested to be the cause of γ-ray brightening
seen in PSR J1023+0038 (Takata et al. 2014). However,
the optical light curve of 2FGL J0523.3−2530 reported
by Strader et al. (2014) does not support such a case.
The light curve was from data points taken from 2005
August to 2013 April, which covers the Fermi observa-
tion time, but does not show any signs of irradiation
of the companion or additional optical emission from a
disk. We also note that the two sets of X-ray data were
taken both during the low state, which may explain the
consistent faintness of the source during the two X-ray
observations.
We have detected orbital modulation in γ-ray emission
of 2FGL J0523.3−2530, although only in the last 1.5 yr
data of the total Fermi observation. Unfortunately due
to the limited photon counts, we were not able to obtain
any spectral information about the differences between
the on-peak and off-peak emission. Thus far the proto-
typical black window pulsar binary B1957+20, in which
a degenerate, low-mass companion is under strong irradi-
ation by pulsar wind from an MSP (Fruchter et al. 1988),
is the only compact binary detected with orbital γ-ray
modulation (Wu et al. 2012). Similarly, Phase II of this
binary was found to be brighter, due to excess emission
at the > 2.7 GeV high energy range. The excesses have
been explained to be due to inverse Compton (IC) scat-
tering of the thermal photons from the companion by the
pulsar wind (see Wu et al. 2012 for details). The same
radiation mechanism has been considered by Bednarek
(2014) also for modulated γ-ray emission from MSP bi-
naries, although the detailed physical processes are dif-
ferent. In any case, the modulation arises due to changes
of the viewing angle to the intrabinary γ-ray producing
region as the binary rotates. The high cutoff energy seen
in 2FGL J0523.3−2530 in the low state could be because
there is a similar extra component, arising from the intra-
binary interaction. The fact that orbital modulation only
appears in >2 GeV emission supports this possibility. In
addition, the X-ray emission had a power-law spectrum
similar to that of PSR J1023+0038 (Archibald et al.
2010; Bogdanov et al. 2011) and XSS J12270−4859
(Bogdanov et al. 2014), and black widow pulsars (e.g.,
Gentile et al. 2014), and the Swift X-ray luminosity was
1.9×1031 erg s−1 (at distance 1.1 kpc), lower but compa-
rable to that of PSR J1023+0038 and XSS J12270−4859
when these two sources are at their no-disk states. The
X-ray similarity thus suggests the existence of the intra-
binary interaction as well. We may even speculate that
7the yearly variability of 2FGL J0523.3−2530 is due to an
enhanced intrabinary interaction of the pulsar wind with
the companion (or outflow of the companion), resulting
in the presence of the 2–3 GeV component. However, if
this is the case, we would probably expect easier detec-
tion of orbital modulation when the source was in the
high state, contrary to what is learned from our data
analysis.
Due to the relatively large, 0.◦02 error circle of Fermi
sources, it can be difficult to exclude any possible con-
tamination from other sources within the error cir-
cle. For example, in the XSS J12270−4859 field, a
radio-jet source and a candidate galaxy cluster have
been found, which may contribute to γ-ray emission
(and possible flux variations) detected (Hill et al. 2011;
Bogdanov et al. 2014). We note that in the SIMBAD
database, none of the known nearby sources in the field
could possibly be associated with 2FGL J0523.3−2530,
although Schinzel et al. (2014) have very recently re-
ported the detection of a radio source 0.◦037 away in their
effort to search for possibly associated radio sources with
Fermi objects. The majority of the high Galactic Fermi
objects (Gb ≥ 10◦) are associated with Active Galac-
tic Nuclei (AGN; Nolan et al. 2012), and they are strong
variable sources. However no evidence supports the pres-
ence of an AGN in the field. Emission from AGN gener-
ally has a power-law form, arising due to IC scattering
by high-energy electrons in jets from AGN (Abdo et al.
2009). Their spectral features (e.g., Williamson et al.
2014) are clearly different from that seen in the high state
of 2FGL J0523.3−2530: if there is an AGN causing the
variability, the flux increases should have occurred over
the whole energy range. Moreover, the probability of
having a γ-ray emitting AGN in the field is really low.
On the basis of the AGN counts distribution study in
Abdo et al. (2009), the number of AGN with Fermi γ-
ray fluxes greater than 10−8 ph cm−2 s−1 is 0.064 deg−2.
For the 0.◦06 radius (3σ) error circle region, the proba-
bility of having at least one such AGN is only 6.8×10−4.
Given these reasons, it is not likely that the variability
is caused by the existence of an unknown AGN.
As a summary, we have detected orbital modulation in
>2 GeV γ-ray emission of 2FGL J0523.3−2530, which
confirms the association of this source with the optical
binary. In addition, long-term, yearly variability from
this γ-ray source has also been detected, and the flux in-
creases are due to the presence of an extra emission com-
ponent at 2–3 GeV. The origin of the component as well
as the variability is not clear. In the near future, multi-
wavelength studies of the source and source field should
be conducted, aiming to detect any correlated flux vari-
ations at optical/X-ray energies and help determine the
origin of the high-energy component and its variability.
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TABLE 1
Binned likelihood analysis results for 2FGL J0523.3−2530.
Spectral model Flux/10−9 Γ Ec TS
(photon cm−2 s−1) (GeV)
Power law 11.5±0.7 2.17±0.04 · · · 848
Exponentially cutoff power law 9.3±0.8 1.6±0.1 4.4±1.0 889
Exponentially cutoff power lawa 9.6±1.0 1.8±0.1 6.2±2.4 452
a The results are from analyzing the low state data (see Section 3.3).
TABLE 2
Flux measurements for 2FGL J0523.3−2530.
E Flow/10
−12 Fhigh/10
−12 Ftotal/10
−12
(GeV) (erg cm−2 s−1) (erg cm−2 s−1) (erg cm−2 s−1)
0.13 3.2±1.2 4.7±1.7 4.0±1.0
0.22 3.4±0.8 2.6±1.1 3.0±0.6
0.38 3.0±0.6 3.1±0.8 3.0±0.5
0.65 3.1±0.5 3.0±0.7 3.2±0.4
1.10 3.0±0.5 3.4±0.7 2.9±0.4
1.88 3.6±0.5 6.2±0.9 4.4±0.5
3.21 3.0±0.6 6.1±1.1 4.2±0.5
5.48 2.8±0.7 2.7±1.0 2.7±0.6
9.34 1.7±0.7 1.2±0.8 1.4±0.5
Note. — F = E2dN/dE, obtained from the data during the
low state (column 2) and high state (column 3), and from the
total data (colum 4).
